INTRODUCTION
When viewed in historical perspective, as has recently been done by Schu]tz (29) , studies of the nucleo]us are seen to have had as a pivotal point the relationship between nucleoli and chromosomes. For this reason, students of the nucleolus have been much interested in recent reports of DNA within nucleoli. One such report (21) described DNA-containing elements in the nucleoli of the salivary-gland cells of Drosophila melanogaster. In the present paper, we record and discuss the results of our examination of a number of members of the genus Drosophila, in each of which we find nucleolar DNA. The term "nucleolar DNA" in the context of this paper is one of convenience and implies no necessary relationship with either nucleolar organizing regions or nucleolar-associated chromatin.
METHODS AND MATERIALS
DROSOPHILA STOCKS: The stocks used in this study were obtained from Dr. Seymour Abrahamson of this department, Drs. W. K. Baker and L. H. Throckmorton of the University of Chicago, and from the Biology Division of the Oak Ridge National Laboratory, to all of whom we express our appreciation. Stocks essentially identical to those used by Ritossa and Spiegclman (27) provided larvae having 1, 2, or 3 nucleolar organizing regions per cell. All flies were raised at either 17 ° or 25°C in quarter-pint milk bottles on cornmeal, molasses, agar, and brewer's yeast medium.
CYTOLOGICAL TECHNIQUES: Salivary glands were squashed and stained--with or without prior nuclease digestlon--with the fluorochromes acridine orange or coriphosphine O as described previously (21) . The fluorescence microscopy equipment used was detailed earlier (20) . Photomicrographs were taken on Kodak High Speed Ektachrome (daylight type) of preparations stained with coriphosphine O and were printed by projecting through the transparency onto standard black and white photographic paper. In all species studied we have found DNAcontaining fibers connecting nucleoli with chromosomes. These fibers sometimes, but not always, appear continuous with distinct bodies of nucleolar DNA. The chromosomal regions to which they are attached include, but are not restricted to, the chromocenters. The chromosomes show no "unraveling" at these attachment points.
OBSERVATIONS

DISCUSSION
In view of the predictability of the morphology of nucleolar DNA among the species studied and the regularity of its occurrence, we feel quite safe in ruling out the possibility that what we are calling nucleolar DNA is merely material randomly removed from the chromosomes and fused to the nucleoli in the course of our preparative procedures. This view is bolstered by evidence obtained by other workers as well (14, 19) . Ashton and Schultz (1), in their electron microscope study of diploid imaginal disc cells in Drosophila melanogaster, have described within nucleoli "... a mass of loops of coiled fibers extending from the organizing region of the chromosome .... " (Since these workers described the structure of such loops as varying according to the chromosomes with which the nucleolus is associated (XX, XY, or XO), it is not surprising that we should have found differences in the morphology of nucleolar DNA among the various species.) In Smittia, a form in which no DNA had been detected in salivary gland nucleoli with light microscopy, Jacob (9) has now demonstrated DNA-containing elements with the electron microscope. There is also a growing literature on electron microscopically demonstrable DNA in nucleoli of other cell types (reviewed in reference 4).
We should point out, nonetheless, that, in addition to squashing, our procedure involves freezing the preparation in liquid nitrogen and then removing the cover slip which was used to squash the tissue. At this stage, some material often adheres to the cover slip and is thus removed from the slide. If, in the original squash, a chromosome had lain between a nucleolus and the cover slip, it is possible that most of it could be removed with the cover slip, leaving behind some material containing DNA on the surface of the flattened nucleolus. While we could probably not distinguish such material from nucleolar DNA, the high degree of predictability of the morphology of nucleolar DNA among the species argues against any appreciable contribution from this source. It is, moreover, exceedingly difficult to conceive how the morphology of nucleolar DNA in D.
canapalpa could be explained completely on an artifactual basis.
In our preparations of Drosophila, as opposed to similar preparations of Chironomus made by ourselves or others, the nucleolus is not obviously traversed by chromosomal material formed by the unraveling of a chromosome region. Such an apparent unraveling does occur in Chironomus (7, 11, 26) and may maintain the nucleolus, as seen in squash preparations, in intimate contact with the chromosome region involved. In our squash preparations of polytene Drosophila nuclei, the nucleolus is not often found close to a specific chromosome region. Thus, the configuration of the DNA-containing structures we describe in nueleoli removed from chromosomes may be, in part, the result of stresses set up in tearing the In this context, we must also consider the fibers we have seen extending from nucleoli to chromosomes. The chromosome regions so involved include, but are not restricted to, the chromocenters--a point on which we confirm Sirlin's observations (30) . These fibers, which resemble the chromatic threads described by earlier workers (6, 8, 17) , sometimes appear continuous with nucleolar DNA. Their significance is obscure. They may represent: highly extended chromosomal material from a specific genetic region or regions structurally continuous with nucleolar DNA; the result of a functional abutment of various chromosome regions with the nucleolus at various times; nonspecific sticking of chromosomal and nucleolar material; a phenomenon related to ectopic pairing (12) . Nothing in our observations elucidates the significance of these structures.
Attention must be directed to the question of the origin of nucleolar DNA. Whether this DNA is of chromosomal or nonchromosomal origin is not readily determined by morphological considerations alone: DNA of chromosomal origin could remain attached to the chromosome or become detached from it. Similarly, DNA of nonchromosomal origin could remain unattached or chromosomal connections could be established, either physiologically or artifactually. We have observed no obvious differences in the amount of DNA per nucleolus in D. melanogaster cells known to have one, two, or three nucleolar organizers or in the cells of males and females of D. ananassae, with three and two organizers, respectively. While a correlation between number of nucleolar organizers and amount of DNA per nucleolus would have been intriguing, undue weight should not be placed on the apparent absence of such a correlation because of our crude method of visual estimation and because nucleolar organizers are known to exhibit "compensatory" phenomena (2, 3, 31) . On the other hand, our observations do caution against the simple assumption that all DNA found within the nucleolus is necessarily a part of the nucleolar organizing region of the chromosome.
In this connection, discussion must also touch upon what has been called "amplification" of the DNA of the nucleolar organizing region of chromosomes, a concept which has grown out of the observation by Painter and Taylor (22) and, more recently, others (18, 25) of DNA in each of the many nucleoli in the oocytes of certain amphibians. According to this suggestion, the DNA of some genetic loci may replicate considerably beyond the ploidy level of the nucleus as a whole (10, 15, 24, 28) . That such a phenomenon can occur phylogenetically, if not oatogenetically, has been demonstrated by Keyl (13) . Such multiple copies of a genetic region might then either remain attached to the chromosome or become detached from it. The latter is thought to happen in the formation of each of the many nucleoli in amphibian oocytes (5, 16) . In view of the high level of polyteny of the nuclei we have studied, it does not seem necessary to invoke differential amplification of some genetic regions in order to account for the mass of nucleolar DNA we see, although, clearly, this possibility is not excluded. Thus, the DNA we have demonstrated in Drosophila nucleoli may be homologous with that found in the nucleoli of amphibian oocytes. 
